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HYDRIDE METHOD FOR PREPARING HIGHLY PURE ARSENIC 
The invention concerns a new method for the production of metallic arsenic of 
high purity which is suitable for preparing intermetallic compounds having 
semiconductor properties. 

The highly pure arsenic can be prepared by various methods. The simplest are 
physical (vacuum sublimation or pressure distillation of arsenic), which, however, are 
suitable only for preliminary purification of arsenic which does not contain sulfur or 
antimony, selenium or tellurium. When sublimation of arsenic is performed in a 
stream of hydrogen the sulfur, selenium and tellurium can easily be removed. These 
elements form relatively stable, volatile hydrides. Another possibility is to bind the 
three elements noted above to lead. Upon the dissolution of arsenic in molten lead, 
the impurity compounds PbS, PbSe, and PbTe are formed which have significantly 
lower vapor pressure than arsenic. Upon distillation of the Pb-As melt therefore one 



can obtain arsenic practically free of these elements. In order to achieve a sufficiently 
low level of concentration of the impurity it is necessary to repeat the above- 
mentioned purification method several times which reduces the yield of highly pure 
arsenic by 10 to 30%. 

Better results are obtained by the above noted methods in combination with 
chemical methods. So-called chloride procedures as well as oxide and hydride 
procedures have been developed, which are named according to the compounds of 
arsenic which are predominantly purified by the process in question. The first of the 
above mentioned procedures has been used on a large industrial scale. 

The chloride process for preparing highly pure arsenic consists of preparing 
arsenic chloride of a predominantly by the reaction of elemental chlorine with metallic 
arsenic. The arsenic chloride is then purified by rectification, optionally previously 
reduced by extraction with HC1. The purified AsCl 3 is reduced to metallic arsenic with 
hydrogen. The arsenic obtained in this way still contains traces of chloride and oxide 
and therefore must be purified by sublimation. 

The oxide method for purifying arsenic starts either directly with arsenic oxide 
or the latter is prepared from arsenic previously purified by sublimation by calcination 
in a stream of oxygen. The arsenic oxide is then purified by sublimation a stream of 
oxygen and by crystallization from a solution in HC1. The reduction of the As 2 O s is 
conducted either with pure hydrogen or with hydrogen obtained by pyrolysis of 
ammonia at high temperatures 
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The hydride method for purifying arsenic starts with arsine (AsH 3 ) prepared by 
reduction of arsenic compounds. Arsine of highest purity is prepared by reducing 
sodium polyarsenide with ammonium bromide in a medium of liquid ammonia, if 
necessary by reduction of the oxide or chloride of arsenic with lithium-aluminum 
hydride. The arsine thus prepared practically does not require further purification. 
After washing with water, alkaline solutions and drying, by pyrolysis it is possible to 
prepare metallic arsenic of satisfactory purity. The arsine prepared by reduction of 
arsenic chloride with sodium hydroborate must be purified by rectification before 
pyrolysis. 

Practical experience has shown that the above-noted methods require for their 
realization relatively complicated technological equipment. The chloride and 
especially the oxide method consist of several technological operations; each of which 
requires special equipment which cannot be combined into one continually operating 
industrial line. The same can be said concerning the hydride process of preparation in 
which rectification of the arsine is necessary. The division of the technological 
operations into several separate parts requires the operating personnel to handle 
equipment containing highly poisonous arsine compounds. The preparation of highly 
pure arsine and its thermal decomposition (first two methods mentioned above) does 
indeed permit the use of a continuously operating and remote-controlled technology 
line, but the initial chemical substances are costly, which significantly reduces the 
economy of production. 
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The above-noted shortcomings are eliminated by the process for preparing 
highly pure arsenic according to the invention, which is characterized by the 
preparation of arsine by a technologically not demanding reaction of the arsenide of a 
metal of the second or third group of the Periodic System such as zinc with an acid 
such as HCL The arsine obtained contains a large number of liquid or gaseous 
impurities (H 2 , H 2 S,0 2 ,water vapor etc.) and solid impurities (volatiles) which must be 
removed. The oxygen is eliminated by chemisorption in a solution of a reducing 
agent; hydrogen sulfide and other gasses having an acid character by the action of 
strong bases. The water vapor is captured on solid phosphorus oxide. The arsine 
purified by this process may still contain hydrides unstable at high temperatures (a fact 
related to the composition of the initial materials) and in that case is necessary to 
decompose these compounds thermally into their components. The level of the 
heating temperature is limited within the range of 100-600°C, because at higher 
temperatures there may be a significant decomposition of the arsine. The above-noted 
purification operations cannot free the arsine of the entrained solid particles which 
must be captured by filtration through a porous substance with a porous size smaller 
than 10 pm. The arsine thus purified is decomposed by heating at a temperature of 
500-1200°C into arsenic vapor and hydrogen. The arsenic vapor is condensed in the 
last phase of preparation of the arsenic at a temperature 100-500°C into the required 
solid modification of arsenic. One usually obtains metallic arsenic at a temperature of 
300-400°C. For some purposes is necessary to have powdered arsenic. For its 
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preparation it is advisable to dilute the arsine r arsenic vapor with an inert gas or with 
hydrogen and only then to obtain the solid arsenic phase by cooling. 

The method according to the invention has significant advantages over the 
presently known procedures, because it starts with a raw material of technical quality 
and permits the preparation of high-purity arsenic from it with simple equipment. 
Practical experience has shown that equipment may be remote-controlled which 
reduces the risks of intoxication of the operating personnel, and the process can be 
conducted continuously, thereby achieving high production capacity in a relatively 
small space. The momentary quantities of arsine in the equipment are very small, 
which further reduces the possibility of intoxication in the case of accidental 
malfunctioning of the equipment. 

From the equipment (arsenic vapor condenser) pure hydrogen is discharged 
with an arsine content lower than 10" 3 vol.%. It can therefore be calcined it without 
the risk of polluting the air with health-hazardous arsenic compounds. 
Example: 

Arsine prepared by decomposing 3.5 kg of technical zinc arsenide (containing 
6% As) with an aqueous solution of HC1 (content 20% HC1) is washed with an alkaline 
solution of pyrogallol with a composition of 11% pyrogallol p. a., 22% sodium hydrox- 
ide p.a., 67% H20) and brought into contact with chunk sodium hydroxide p.a. 
weighing 1 kg and then into contact with powdered phosphorus oxide p.a. weighing 
10.1 kg. The arsine is then heated to a temperature of 550°C and after cooling to 
standard temperature filtered through a substance with 10 |im pores. Repeated 
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heating of the gas to a temperature of 100°C causes complete decomposition of the 
arsine into its components. The arsenic vapor is condensed at the temperature of 
400°C into the metallic modification of arsenic. From the above noted quantity of 
initial zinc arsenide one obtains 1 kg of highly pure arsenic containing 99.999 to 
99.9999% As. 
Claims 

1. Hydride method for preparing highly pure arsenic, characterized by the fact 
that the arsenide of a metal of the second or third group of the Periodic System is 
decomposed with water or an aqueous solution of acid after which the resulting arsine 
is freed of the impurity oxygen by chemisorption in a solution of a reducing agent, the 
impurities hydrogen sulfide and hydrogen selenide by the action of strong bases, 
especially alkaline metal hydroxides and the moisture content by the action of 
phosphorus oxide, and after filtration through a porous substance with a pore size 
smaller than 10 fim the arsine is decomposed by heating to the temperature 500- 
1200°C, preferably 600-900°C and the arsenic vapor is condensed out of the gas 
phase at the temperature 100-500°C. 

2. Method as in claim 1, characterized by the fact that the arsine before filtration 
is freed of impurities of unstable compounds, especially hydrides, by their thermal 
decomposition at temperatures of 100-600°C. 

3. Process as in claims 1-2 characterized by the fact that the arsine before its 
decomposition is diluted with a gas, especially hydrogen, in a quantity of no greater 
than 500 vol. parts of diluting gas per 1 vol. part of arsine. 
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4. Process as in claims 1-3 characterized by the fact that the mixture of arsenic 
vapor and hydrogen forming through the decomposition of the arsine, before entering 
the condenser, is diluted with a gas, preferably hydrogen, in a quantity of no more 
than 800 vol. parts of diluting gas per 1 vol. part of initial gaseous mixture. 
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f 54 ) Hydridovtf zpusob pripravy vysoce <5iat$ho ars*nu 



tynalez se t^W nov^ho zpusobu vtfroby kovove*ho areenu vyaoke* Siatoty, vhodne*ho pro 
pfipravu intennetelicktfch alouCenin, ktere" maji polovodifiove* vlestnosti. 

- PWprava vysoce Eist«ho arednu se muze provadSt ruzitfmi zpueoby. NejjednoduSSf jsou 
firzikalnl (vakuova sublioace nebo tlakova deatilace araenu), ktere" jeou vfiak vhodne* pouee 
k preCietSni araenu neobsahujicicho eiru, poprlpade* antimon, selen nebo telur. P*i pro- 
vadgnl sublimace areenu v proudu vodiku lze dobfe odstranit i airu, eeleh a telur. Tyto 
prvky vytv6*eji pomfirne st^le, prchave*, hydridy, Jinou moznoatl je viizat uvedene* tfi 
pryky na olovo. P*i rozpoufitSni areenu v roztaven&n olovu, vytvafeji primesi elouceniay 
PbS, PbSe a PbTe, ktere majX podetatne ni2Si tenzi par, neS areen, Pfi deetilaci taveniny 
Pb-Aa lze tedy zlekat arsen prakticky proattf teehto prvku. Pro doaa&ene* dootatecne nizke 
drovae koncentraci primes* ja potfebne* uvedene* tistici metpdy mnohonaeobne opakovat, coi 
anizuje v?te*2ek vyaoce 5ista*ho araenu na 10 ai 30 %♦ . 

•i . . _ 

I*p5l vtfsledky davaji uvedene* metody v kombinaci a chemicktfmi. Propracovany jsou 
tzv* poetupy chloridove, oxidovd a hydridov6, nazvane* podle alou&eniny araenu, kterd je 
v danem zpusobu prevd2ne* pfreSiatovana, Prv? z v^se jmenovaitfch poatupu naSel vyu2itl 
ve vetSlm, provoznlm merltku. 
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Chloridov^ postup pripravy vyaoce Ciatgho araenu sest6v6 z pripravy chloridu areeni- 
teho, prevaSnfc pusobenlm elementdrnlho chloru na kovov^ araen. Chlorid araenit^ ee d61e 
Siatl rektifikacl poprlpade pred ni zarazenou extrakci kyaelinou chlorovodlkovou. VyCiS- 
tSrtf AaCl^ ae redukuje na kovovtf araen vodlkem. Takto ziakaitf areen jeSt§ obeahuje atopy 
chloridu a oxidu a proto je tfreba jej preciatit aublimacl. 

Oxidov^ zpuaob 2ifit§ni ar8enu vychazi bu3 prlmo z kyeliSniku er8eniteho nebo ae tento 
pripravuje z ar8enu preciSteniSho aublimacl apalovanlm v proudu kysllku. Ky8liSnik area- 
nitf ae d£le Siatl < aublimacl v proudu kyallku a krystalizacl z roztoku v kyseline chloro- 
Vodlkove^ Redukce Aa^ ae proved! bufl ciattfm vodlkem, nebo vodlkem zlekartfm pyrolyeou 
amoniaku za vyaok^ch teplot. 

Hydridov^ zpuaob 5ietenl ar8enu vychazi z aralnu UoH^ pfipraven^ho redukcl arseno- 
vtfch alouCenin. NejSiat€j51 arain ae pfipravuje redukcl polyaraenidu eodrtfch bromidem . 
amonrtfm v proatfedl kapalne*ho amoniaku, poprlpade redukcl kyaliSnlku nebo chloridu arae- 
niteho litium-alumlnium-hydridem. Arain takto pripraventf nevySaduje temer 26dneho SiStSni. 
Po promyti vodou, alkalick^mi roztoky a vyeuSenl je mozne z neho pyroltfzou pripravit ko- 
vovf arsen vyhovujici. ciatoty. Arain pripraveitf redukcl chloridu ar8enit£ho hydroboritanem r ? 
eodntfm je nutno pfed pyroltfzou preciatit rektifikacl. 

* • ' ■ 

Prakticka* zkufienoat ukazuje, 2e uvedene* zpuaoby vySadujl k realizaci pomerne alo&itd 
technologies zarlzenl. Chloridovtf a zv!6Ste oxidov? zpuaob ae akl^dA e n&kolika technblo- 
gick^ch operacl; kaSdA potrebuje zvlAStnl zafizeni, ktera nemohou btfti apolu vAzdna do je- 
dind, nepretrfcite* pracujlcl technologic ke* linky. Xoto lze rlci take* o hydridovem zpueobu . 
pripravy, u n£ho2 je potfebnA rektifikace aralnu. DSlenl technologicktfch operacl na nSkolik 
oddfilen^ch taeti vy2aduje # aby obaluha zarlzenl manipulovala s vyaoco jedovat^mi araenov^ni 
alouceninomi, PWprava vyaoce Siateho aralnu. a jehb tepelitf rozklad (prvd dva zpuaoby 
v^Se uvedene (dovolujl eice pouMt nepfetrSite" pracujlcl a delkovg ovlldanou technologickou • 
linku, aviak vtfchozi cheadeke" latky jaou drab*, col anacnB eni2aije ekonomii v^roby. 

V^8a uvedentf nedoetatky odetranuje zp&eob pripravy vyaoce Siatdho araehu podle vynd- ^fr 
lezu, kter^ ee vyznaCuje pflpravou aralnu technologicky henarocnou reakci araenidu kovu 2. 
nebo 3« akupiny periodic^ aoustavy, napf» zinku kyaeOinou, napf. chlorovodikovou* Takto T!; 
ziekaitf arain obeahuje celou radu pfimeai plynn^ch (H 2> H 2 S f 0 2 , vodnl paru ajO i pevnfch^' 
(uletd), kter< je nutno bdetranit, Kyallku ae zbavuje chemiaorbcl V roztoku redukSniho '-'0 
cinidla; airovodiku a jin^ch plynu majlclch kyael^ chaxakter puaobenim ailn^ch zaaad. Vodni(;^ 
pdra ae. zachytl na pevntfm kyaliCniku foBforeanem. Tlmto zpoaobem ciStfiny areln nWe jeSt8 ^: 
obaahovat za zv^Sen^ch teplot neetal* hydridy (co2 aouviel ee eloXenlm v^chozlch aruovin) ^ 
a v toato pf Ipedfi je potfebn*. tyto alouCeniny tepelnS rozloiit na 'ave* alo«ky. V^Ska teploty ; ^ 
zahf^tl je oMzena v rozaezl 100 at 600 °C, protoBe pri vySfiich taplot^ch mftJIe dojit i 
zna5n*au rozkladu aralnu. Uvedene* eiatioi operace nezbavuji arain untfeitfch pevn^eh «iatic 
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ktere' je nutno zachytit filtraci pfea porovitou lritku a velikoatl poru menfii ne* 10 ^um. 

Takto vyc*i5t6itf arsln ae zehfdtlm na teplotu 500 a2 1200 °C rozkWda na arsenove* pary a vo 
. dlk. Araenove; pary ae v poalednl f6ze pflpravy arae"nu kondenzuol pfi teplote* 100 afc 500 °C 
- na. poSadovanou pevnou modifikaci ara£nu. ZiakAvA ae obvykle kovova*, pfi teplote 300 aX 

400 °C. Pro nfiktere* dcely je po2adovan araen prefikov^. Pfi jeho pflprave ,1e v#iodne* araTn 

nebo araenove* pdry redit inertnlm plyjiem nebo vodlkem a teprve potom zlakat pevnou araeno- 

vou t&zi oehlazenlm, 

Zpoaob podle vynllezu pfina*51 znaSne* v^hody ve 8rovn6nl s doaud znantfmi postupy, pro- 
to2e vych£zi ze aurovin technic^ jakoeti a dovoluje z nich v jednoduchem zaflzenl pfipra- 
vit araen vysoke* Cietoty. Praktickd zkuSenost uk6zala, ze zaflzenl mofce b^t dalkovfi ovld- 
d6no, co2 anizuje nebezpeSl otravy obaluhujlclho per8on£lu a mu2e pracovat nepfetrSite, 
filmi ae dosahuje vyaoke* vtfrobnl kapacity v relativne* malem proetoru. OkamMta' nmoSetvl 
arslnu v zaflzenl jaou velmi maid, coz" ddle enizuje, mo£noat otravy pfi pflpadne* tSsnoati 
zaflzenl # 

Ze zaflzenl (kondenzatoru araenov^ch par) odch6zl Siat^ vodlk, a obeahem arelnu nii- 
Slm net 10 obj. %. Je tedy poataCujlcl jeho spalov6nl, bes nebeapeCl zneCiStenl ovaduSl 
alouceninami arae*nu na zdravl Skodlivou mlru. 

Pflklad: Areln pfipraveitf rozkladem 3,5 kg technick^ho araenidu zineSnate*ho (c obsahu 
J6 % Aa) vodrtfm roztokem kyaeliny chlorovodlkove* . (o obsahu 20 % HC1) ae prontfva* alkalic* 
k^m roztokem pyrogalolu) o slofcenl 11* pyrogalolu p.a., 22 % NaOH p.a,, 67 % HgO) a vede 
do stykn a kuaovtfm hydroxydem aodxtfm p. a. o hmotnoati 1 kg a d61e do styku a praSkov^a 
kyaliCnlkem foeforeCitfm p. a. o hmotnoati, 0,1 kg. Araln ae dale zahflva na teplotu 550 °C 
apo ochlazenl na normalnl teplotu filtruje latkou a pory 10 yum- OpStovrtfm zahfatla plynu 
na teplotu 800 °C naatane uplxtf rozklad aralnu na jeho -*lo2ky . Area* nova* pary aa konden- 
zujl pfi teplote 400 °C na koyoveu modifikaci areenu. Z uvedendho mno2stvl v^chozlho arae- 
nidu zinefinate*ho aa ziaki 1 kg vyaoce fiiate'ha arae*nu o obsahu 99,999 aS 99,9999 % Ae< 

1* Hydridov? zpflaob pflpravy vyaoce eiate*no arae*nu, vyznaSujlcl ae tlm, ze ae arae- 
nid kovu 2. nebo 3 • akupiny periodicke* aouatavy rozloSi vodou nebo vodn^m roztokem kyae- 
liny naSeft ae reeultujicl araln zbavl pflmfiai kysllku ohamiaorbei v roztoku redukSnlho 
Cinidla, pflmeai airovodlku a aelenovodiku puaobenlm ailn^ch zaaad, zejm4na hydroxydem 
alkalick6*ho kovu, a vlhkoati p&eobenlm kyalifinlku foaforefin6*ho a po filtraci pfea poro- 
vitou lAtku a velikoati poru menfll neB 10 yum ae araln rozloSi sahf atla na teplotu 500 a£ 
1200 °C, a v^hodou 600 a£ 900 °C a araenove' pary aa a plynne* Wzy kondenzujl pfi teplotS 
100 ai 500 °C. 
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2. Zptaob podle bodu 1, vyznadujici oe tlm, 2e arsin ae pred filtraci zbavuje pflmgsi 
neatel^ch slcuCenin, zejm^na hydridd, jejich tepelitfm rozkladem ptt teplotdch 100 a2 

600 °C. 

3. Zpuaob podle bodfl I a* 2, vyznaceitf ttm f 2e arain ae pfed av#n rozkladem fed! 
plynem, zejinSna vodikem v mnoiatvl nejvlce 500 obj. dilft zre3ovac*ho plynu na 1 obj. 
diX are inn. 

4. Zpftaob podle bodft 1 a2 3, vyznafiujici ae tint, ze emee arse^iove pdry a vodiku, 
vznikajici rozkladem areiim, ee pred vatupem do kondenz6toru redi plynem, a v^hodou 
vodikem, v mnozetvi nejvice 800 obj. dilu zreoWcifao plynu na 1 obj. dil yychozi plynne* 
amesi. 
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